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ABSTRACT

‘This paper discusses the design, andimplementation of aminiaturized electronic system for the Planctary
Integrated Camera-Spectt ometer (PICS). The PICS clectronics demonstrates the applicati on of Field
Programmable Gate Arrays (FPGAs)and of analog hybrid technology to space flight multi-spectral
systems. A discussion of the electionic system design illustrates howa multi -sensor insttument
consisting of an UV CCD, two visible CCDs, and a near-1R focal plane assembly can be processed
through a common set of electronics. Following the system design discussion, the actual electronic design
will be presented. liach miniaturized module will be discussed as to functionality and performance. The
test setup for bench checkout of a cooled CCI and anIR FPA including results with blcad-bead
clectronics and with the hybrids are also described.

1. INTRODUCTION

The Planetary Integr ated Camera-Spectrometer (P1C S)] will collectimages for mineralogical mapping and
atmospheric composition studies overawide spectralrange of planctary systems, PICS willalso conduct
experiments in solar occultation by the atmosphere of a planet. T'he PIC Sinsttumentis composed of four
channels: an UV channel covering 160 spectra] channels (70-1 50 11111), a dual-CCD visible imaging system
(simultancously shuttered in two colors 300-500 nm and 500-1000 rim), and a near-1]< channel covering
from 1300 to 2.600 nm with a spectral resolution of 5 nm.

2. INSTRUMENT APPROACH]

Thenew generation of small planetary instruments shall conform to mass and power limitations caused by

budgetary constraints coupled with the lack of heavy launch vehicles; combining; instrument functions
along withinnovation i n clectionics design and packaging will conserve limited spacecraft resources.

The PICS instrument approach is to maximize the commonality between the different channels; for
example, the visible CCIs and IR detectors sham a single lightweight, multi-wavelength, off-axis
Gregorian telescope and arc mounted directly on a single radiator. Also, the four channels of theintegrated
camera spectrometer share one signal processing electronics which is fabricatedin ahybrid module, the
clock drivers and bias for each CCI) channel and for the 1R FPA arc aso provided by dedicated hybrid
modules, The digital control and timing for all four channels is generated using asingle field programmable
oate array (' PGA).



The test sctup for bench checkout of the PICS ddcctor-electronics shown in Figure 1, consists of CCD
and IR detectors, instrument electronics, a computer interface box, and aPC 486 computer with
customi zed software. )
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Figure 1. PICS detector-clcctlollics test Setup.

2. DETECTORS

‘The Short Wave Infrared (SW]}{) channel of PICS isbased on a 256 by 256 Mercury Cadmium Telluride
(HgCdTe) photovoltaic diode array multiplexed (via Indium bump bonds) into four independent quadrants
using (Near IR Camera and Multi-Object Spectrograph (NICIVIOS]]])Q"3 multiplexers fabricated by
Rockwell international Science Center, The IR FPA consists of a source-follower pcr detector (SFI))
configuration and a common output amplifier.




The visible channel for PICS is based on two front-side illuminated CCDs fabricated by I.oral, each CCD
is made of 1024 by 2048 clements. The CCD optimized for detection in the blue is lumigen coated.

A CCD mounted on an image intensifier for the UV channel is of the same type as that used in the visible
channel to simplify data acquisition and control electronics, it is constructed by the University of
Arizona, supper-tcd by the Johns Hopkins University Applied Physics I.aboratory. The intensifier
consists of a single, microchannel plate (MCP) for electron multiplication with a phosphor output to
convert the electron pulse into photons which arc then recorded with the CCD.

3. ELECTRONICS SYSTEM

FEach CCD detector inducting the UV-CCD, is interfaced with a dedicated Clock Drive/Bias hybrid
module; this hybrid modules provide the regulated bias voltages and clocks (level trandation for serial and
parallel registers) necessary to operate the CCD detectors. Included in this Clock Drive/Bias hybrid
modules is a high speed/low-noise preamplifier stage which provides offset and gain prior to further signal
processing. ThelR Clock Drive/Bias hybrid module also contains a preamplifier stage and a clamping
circuit for removing the pedestal which result from the over clocking mode in which the P A is operated.
These hybrid modules are placed in close proximity with their respective detectors to minimize noise and
1M1 interference.

The preamplified signals from al four detectors are multiplexed into onc signal chain fabricated in a hybrid
module. Thesignal chain consists of an amplifier, a double-pole filter, and a buffer amplifier with offset
control that feeds the signal from tbc selected channel into a low power 8-bit flash A/I> converter (the A/D
converter isnotincluded in ahybrid). This signal chain hybrid module, has the capability of subtracting a
VIDEO signa from a REF signal, or just straight VIDHO signal sampling, Only 8 bits digitization are
needed to reduce data transfer size at the selected readout rate of 300 Kpixels/sec.

Detector timing for al four channels, arc generated by an Actel FPGA which is interfaced to an 1/0 board
for data/commands transfer to and from the computer. The IR FPA is operated by resetting the array and
sampling the pedestal level of each detector after the reset pulse has been released; then, after integration,
theintegrated signal is sampled; finally after digitization the pedestal level is subtr-acted from the
integrated signal level for each pixelof the IRFPA.

Integrationtime (exposure time) for a | four channels is commanded from the computer which performs
image display, engineering evaluation and statistical analysis on data from the selected channel.

The noise performance of the CCD detectors has been measured at 16 electrons rms using the breadboard
clectronics, and with no change with the FI’GA and hybrid modules. Preliminary IR channel tests have
been done with the NICMOS-3 multiplexer only (that is no 11gCdTe array) at 300 Kpixels/sec and at a
temperature of 7S K both with breadboard electronics and with the FPGA and hybrid modules.

The total power consumption of the signal processing electronics hybrid modules and the FP?GA,
including the A/ converter is about 450 mW, with atotal estimated mass of 370 grams including the PCB

boards.




The PICS modes of operation are:

1. Idle, in which the cameras are not taking or reading exposure.
2. Take,allor any number of’ detectors may be exposed
3. Read, reads data from a sclected detector.

(multiple channel readouts arc done sequentially)

4. Areaarray /frame transfer clocking,
5. Detector flush.

6. 2x2 Pixel summing

7. Window. readout of area of interest

Future activities include integration and evaluation of all four channels with the optics and with the
radiator. Yigure 2 shows apicture of the hybrid modules and the FPGA, and figure 3 isasample picture

taken with the CCI> channel
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Fig. 3. PICS hybrid modules and FPGA.
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Figure 4. Sample picture with CCD
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